Compton scattering techniques for the measurement of the transverse beam size of particle beams at future linear colliders (FLC) are proposed. At several locations of the beam delivery system (BDS) of the FLC, beam spot sizes ranging from several hundreds to a few micrometers have to be measured. This is necessary to verify beam optics, to obtain the transverse beam emittance, and to achieve the highest possible luminosity. The large demagnification of the beam in the BDS and the high beam power puts extreme conditions on any measuring device. With conventional techniques at their operational limit in FLC scenarios, new methods for the detection of the transverse beam size have to be developed. For this laser based techniques are proposed capable of measuring high power beams with sizes in the micrometer range. In this paper general aspects and critical issues of a generic device are outlined and specific solutions proposed. Plans to install a laser wire experiment at an accelerator test facility are presented.
EMITTANCE MEASUREMENT
In this project we limit our attention to the measurement of the electron beam transverse phase space (transverse emittance) because it is the fundamental determining factor for the final transverse beam-spot size at the interaction point (IP). It is important to keep the emittance low so as to maximize the luminosity at the IP and much effort is spent in designing the accelerator and beam delivery system (BDS) to avoid sources of emittance growth. The BDS generically consists of approximately a kilometer of beam optics providing collimation, chromatic correction and final focusing. There are many potential sources of emittance growth which in general will be time dependent and will require continuous measurement and feedback to correct.
The aim is to measure the emittance of the beam to better than 10% as it approaches the IP and this will require a number of profile measurements with the same precision along the BDS. In Tab 
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High luminosity is the key to many of the physics processes of special interest at the Future Linear Collider [l] . This fundamental point is the main physics motivation for this project and justifies considerable efforts to ensure that the accelerator can deliver on its excellent luminosity potential. The case for the highest luminosities is now globally accepted and all the Linear Collider proposals currently have this as their goal, with quoted luminosities of a f e~x 1 0~~ cm2s-l. The key motivation for this project is to add to the arsenal of tools that the machine will need to maximize its luminosity performance. In particular this project aims to provide a reliable and flexible method of obtaining real-time information on the emittance and quality of the beam and hence to allow feedback for maximizing the luminosity. [2] , NLC/JLC [3] , and TESLA [4] .
A set of transverse profile measurements at several points along the beam line separated by a sufficient betatron phase advance can be translated into a determination of the emittance. At least four scanning stations will be required for each lepton beam, possibly fired by a single laser system plus laser beam transportation. Each station will need to provide a profile along three directions, as required to specify an ellipse. Relating a set of such transverse profiles to the emittance and optimizing the layout of scanning stations within a BDS design will form an interesting parallel 0-7803-7 19 1-710 1/$10.00 0200 1 IEEE.
project, that will be addressed via detailed simulations.
The electron bunch transverse profile has been measured in the past by intersecting the electron beam with a solid wire and by counting the subsequent background rate as a function of the relative position of wire and bunch. Using this technique, resolutions of typically a few pm can be obtained, at the expense of some disruption to the beam. This technique cannot be used universally at the LC, however, because the beam-spot sizes can be much smaller, the need for continuous measurement precludes an invasive technique and the intensities are so great that the wires would be quickly damaged, even if swept rapidly through the beam. For these reasons, it is necessary to develop a novel technique that can run continuously and reliably during machine operation, that does not get destroyed by the beam and that can be sufficiently fast so as to be sensitive to individual electron bunches within the bunch train. All these advantages could in principle be provided using optical scattering structures.
COMPTON SCATTERING
The basic idea is to replace a solid wire in Several schemes have been proposed to use optical scattering structures to serve as diagnostics to measure the bunch length and the beam profile [7] .
OPTICAL SCATTERING STRUCTURES
Common to all optical scattering structures is that they must have features smaller or similar in size to the particle beam under measurement. Several types of laser spot structures can be generated with common optical setups. In the following some optical structures are listed together with their performance rating:
Laser wire (gaussian profile) The laser beam is here focused to a small gaussian spot with radius w,. If we consider a diffraction limited, finely focused beam waist, the minimal achievable spot radius is given by w , = X / ( d ) , where X denotes the laser wavelength and 0 the half opening angle of the laserbeam at the waist (see Fig.1 Laser wire (dipole mode) The resolution of the laser wire can be enhanced by generating an artificial transverse dipole mode by means of a lambda half waveplate, where half of the gaussian is shifted in phase by 90°. Such a waveplate can easily be installed in the optical path of the laser wire and would enhance the resolution of the device by roughly a factor of two aiming at beam sizes in a region from 250nm < cy < 500nm.
Laser Interferometer Towards beam sizes in the nanometer range, a standing wave interference pattern generated by crossing two laser beams has been proposed and successfully tested at the FFTB experiment 
LASER WIRE SETUP 7 REFERENCES
The setup for a laser wire beam profile monitor is sketched in Fig. 3 . A high power laser beam is divided into two different optical paths for scanning the horizontal and vertical beam size. The scanning is foreseen to be done either with piezo-driven mirrors or with acousto-optic scanners. Before the interaction with the electron beam the laser beams are focused. The electron beam is then bent away while the Compton scattered photons travel along a straight line where they are detected with a calorimeter. Scattered electrons will be bent more strongly than particles with the nominal beam energy enabling detection at a location after the bending magnet.
TEST OPTIONS
It is planned to install a complete laser wire scanner at the PETRA accelerator at DESY in summer 2002. While beam sizes at PETRA (10 -100 pm) are comparable with typical FLC BDS numbers, the energy of the electron beam is lower in the range from 4.5 -12 GeV. Recent results from background measurements show [6] that a sufficient signal to noise ratio can be reached even with a medium power laser with peak power less than 10 MW. In Spring 2002 tests of subsystems of a laser wire are planned at CTF2/3.
CONCLUSIONS
[l] The various worldwide Linear Collider workshop proceedings and documentation of ongoing activities can be accessed from the central website:
http://lcwvs.physics.yale.edu/lc/
